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(54) PIEZOELECTRIC THIN FILM ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric thin film element 
that can be suppressed in electrical loss and characteristic deterioration 
by suppressing the scattering of elastic waves, and to provide a method of 
manufacturing the element. 

SOLUTION: The piezoelectric thin film element is constituted of at least a 
first piezoelectric material a second piezoelectric material or a dielectric 
material, and electrodes. In this thin film element, an intermediate smooth 
layer composed of the second piezoelectric material or dielectric material 
is formed between the first piezoelectric material and the electrode formed 
on the first piezoelectric material, by applying a solution containing the 
component of the second piezoelectric material or dielectric material to 
the surface of the first piezoelectric material and heat-treating the 
solution. The mean surface roughness of the second piezoelectric material 
or dielectric material is adjusted to <1/100 of the wavelength of the elastic 
wave which resonates in the first and second piezoelectric materials and 
dielectric material. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezo electric crystal thin film characterized by coming to form the middle smoothing layer which 
consists of the 2nd piezo electric crystal or dielectric between the 1st piezo electric crystal of the above, and the 
electrode formed in the bottom in the piezo electric crystal thin film which consists of the 1st piezo electric crystal, 2nd 
piezo electric crystal or dielectric, and electrode at least. 

[Claim 2] The piezo electric crystal thin film according to claim 1 to which the 2nd piezo electric crystal of the above is 
characterized by making the main constituent the same as that of the 1st piezo electric crystal of the above. 
[Claim 3] The piezo electric crystal thin film according to claim 1 or 2 to which the average of roughness height of the 
front face of the 2nd piezo electric crystal of the above or a dielectric is characterized by being 1/100 or less [ of the 
elastic wave wavelength which resonates in a dielectric in the 1st piezo electric crystal of the above, and the 2nd piezo 
electric crystal list ]. 

[Claim 4] The thin film according to claim 1 to 3 to which the 1st and 2nd piezo electric crystals of the above are 
characterized by containing lead titanate, titanic-acid lead zirconate, a zinc oxide, alumimium nitride, lithium niobate, a 
niobic acid potassium, lithium tantalate, barium titanate, or the titanic-acid bismuths as a major component. 
[Claim 5] The manufacture approach of the piezo electric crystal thin film characterized by applying and heat-treating 
the solution of the component used as the 2nd piezo electric crystal or a dielectric on the front face of this 1st piezo 
electric crystal in the manufacture approach of a piezo electric crystal thin film according to claim 1 to 4 after forming 
the 1st piezo electric crystal of the above. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezo electric crystal thin film applicable to various devices and its 

manufacture approaches, such as a transmitter and a filter. 

[0002] 

[Description of the Prior Art] The attempt which applies the piezo electric crystal thin film by which the piezo electric 
crystal formed in the shape of a thin film was built into various devices, such as a high pass filter for recent years, for 
example, a communication link, a transmitter, a filter, an actuator, or a motor, is made briskly, and the some have 
resulted in utilization in current. In the device using a piezo electric crystal thin film, many of high pass filters and 
transmitters are followed on impressing an electrical potential difference to a piezo electric crystal thin film, and the 
elastic wave produced when a mechanical distortion and telescopic motion take place to the piezo electric crystal is 
applied. A device configuration changes with classes of this elastic wave. That is, when using the wave (the so-called 
surface acoustic wave) transmitted in the front face of a piezo electric crystal, the configuration which forms the mutual 
electrode of Kushigata in the front face of a piezo electric crystal is adopted, an electrical potential difference is 
impressed to this, and an elastic wave is excited. On the other hand, when using the wave (the so-called bulk wave) 
transmitted in the interior of a piezo electric crystal, the configuration which put the both sides of a piezo electric crystal 
with the electrode is adopted. In the configuration using a bulk wave, the resonance frequency is determined with the 
configuration of the film equipped with the structure which supports a piezo electric crystal, an electrode, and these. In 
order to realize a piezo electric crystal thin film good in actuation, in an active region, electric and a mechanical loss are 
controlled and it becomes important how a thin film-like piezo electric crystal is operated efficiently. 
[0003] For example, using a PZT (titanium-zirconate lead) thin film as a piezo electric crystal, a platinum electrode is 
arranged up and down and the structure where the substrate under an active region was removed is indicated by JP,6- 
3501 54,A. In relation to this, the piezo electric crystal thin film which has this structure is shown in drawin g 5 . (a) of 
drawing 5 and (b) are the longitudinal-section explanatory views which met the top view of a piezo electric crystal thin 
film, and the E-E line in (a) of drawing 5 , respectively, the insulator layer 62 which consists of a silicon nitride film of 
about 200nm of thickness first on the substrate 61 which consists of <100> silicon single crystals on the occasion of 
manufacture of this piezo electric crystal thin film 60 — plasma CVD (Chemical vapour deposition) - it is formed of 
law. On an insulator layer 62, the thin film for lower electrode 69 which has the two-layer structure of the titanium film 
63 of about 30nm of thickness which RF spatter comes to vapor-deposit, and the platinum film 64 of about 70nm of 
thickness is formed. 

[0004] Next, on the thin film for lower electrode 69, the lead titanate piezo-electricity polycrystal thin film (henceforth a 
piezo-electric thin film) 65 of about 1 micrometer of thickness is formed of a spatter. On this piezo-electric thin film 65, 
the titanium film 66 and the platinum film 67 are vapor-deposited like the above-mentioned RF spatter, and the up 
electrode 68 is formed using the lift-off method. Then, a pattern is formed by etching the piezo-electric thin film 65. 
Furthermore, etching removal of the garbage of the thin film for lower electrode 69 is carried out by the ion milling 
method, and the lower electrode 69 is formed. Moreover, it can come, simultaneously the connection of the lower 
electrode 69 and the pad 71 for lower electrodes is also formed in the pad 70 for up electrodes and the pad 71 for lower 
electrodes, and a list in fields other than piezo-electric thin film 68 on a substrate 61 . 

[0005] Then, after resist formation is carried out, titanium / golden bridge formation base section 62 is formed in the top 
face of the up electrode 68, and the top face of the pad 70 for up electrodes of vacuum evaporationo. Furthermore, 
bridge formation 73 is formed between the up electrode 68 and the pad 70 for up electrodes of removal of a resist after 
gold plate, and formation of a superstructure is completed. Thus, the substrate with which the superstructure was 
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completed is fixed to a glass plate after that, the top face is ground with a wax, and the thickness is made into about 200 
microns. And as a mask at the time of removing a substrate 61, the titanium film 74 is formed in the inferior-surface-of- 
tongue side of a substrate 61 of a spatter, and opening 74a for substrate etching on this titanium film 74 is formed. Then, 
of anisotropic etching, a substrate 61 is dissolved from opening 74a, and the substrate removal section 75 is formed. 
Manufacture of the piezo electric crystal thin film into which the piezo electric crystal formed in the shape of a thin film 
is built above is completed. 

[0006] In this piezo electric crystal thin film, the reflector of an elastic wave turns into an interface of an insulator layer 
62 and atmospheric air, and an interface of the up electrode 68 and atmospheric air. It is easy to come out of surface 
roughness, and it is the interface of the up electrode 68 and atmospheric air which dispersion of an elastic wave tends to 
produce, and this roughness is mostly determined by the surface roughness of the piezo-electric thin film 65. It was 
260A when the average surface roughness of the piezo-electric thin film 65 in this case was measured with the atomic 
force microscope. Moreover, the Q value of the component which the wavelength in the piezo-electric thin film 65 can 
be estimated at about 20000A from the resonance behavior of this component, and the relation between surface 
roughness and elastic wave wavelength is 1.3% (> 1/100) in this case, and is the inverse number of loss was 40. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, in a piezo electric crystal thin film, it is made desirable for the 
propagation side where an elastic wave is transmitted and the field which an elastic wave reflects to be usually smooth 
in order to operate a thin film-like piezo electric crystal efficiently. In case this field is spread, or in case it reflects in not 
being smooth, there is **** from which increase of a lifting and loss produces [ an elastic wave ] dispersion in respect 
of the. The following explanation describes only a reflector. The granularity of a reflector which influences to a 
mechanical loss is electric and a thing depending on the wavelength of the elastic wave which a piezo electric crystal 
thin film uses, if granularity is small enough to elastic wave wavelength — the above the effect to a mechanical loss 
serves as electric and level which can almost be disregarded compared with the effect which other factors do. In this 
case, granularity or roughness shall put average granularity. 

[0008] Since growth rates differ for every particle in using the polycrystalline substance as a thin film-like piezo electric 
crystal, as explained with reference to drawing 5 , in a piezo electric crystal front face, it is easy to produce the 
irregularity of about hundreds of A. When [ electric and ] a mechanical loss is large, effect of surface roughness cannot 
appear comparatively easily, but if electric and a mechanical loss become small, the effect of the irregularity on the front 
face of a piezo electric crystal will come out. Therefore, in order to obtain the piezo electric crystal thin film with little 
electric and mechanical loss used by the RF, it is necessary to make irregularity of a reflector small. The quality of the 
material of a piezo electric crystal is the conversion quality of the material of electric-mechanical energy. An input 
electrical signal will be changed into mechanical oscillation (elastic wave), this elastic wave will be applied, various 
actuation will be caused, and, finally an elastic wave (mechanical oscillation) will be again changed and outputted to an 
electrical signal. Therefore, dispersion and loss of an elastic wave will lead to electric loss or property degradation 
directly. 

[0009] This invention aims at offering the piezo-electric thin film which was made in view of the above-mentioned 
technical technical problem, controls dispersion of an elastic wave, and can control electric loss and property 
degradation, and its manufacture approach. 
[0010] 

[Means for Solving the Problem] Invention of the 1st of this application is characterized by coming to form the middle 
smoothing layer which consists of the 2nd piezo electric crystal or dielectric between the 1st piezo electric crystal of the 
above, and the electrode formed in the bottom in the piezo electric crystal thin film which consists of the 1 st piezo 
electric crystal, 2nd piezo electric crystal or dielectric, and electrode at least. 

[001 1] Moreover, invention of the 2nd of this application is characterized by the 2nd piezo electric crystal of the above 
making the main constituent the same as that of the 1st piezo electric crystal of the above in the 1st above-mentioned 
invention. 

[0012] Furthermore, invention of the 3rd of this application is characterized by the average of roughness height of the 
front face of the 2nd piezo electric crystal of the above or a dielectric being 1/100 or less [ of the elastic wave 
wavelength which resonates in a dielectric in the 1st piezo electric crystal of the above, and the 2nd piezo electric crystal 
list ] in the 1st or 2nd above-mentioned invention. 

[0013] Furthermore, invention of the 4th of this application is characterized by the 1st and 2nd piezo electric crystals of 
the above containing lead titanate, titanic-acid lead zirconate, a zinc oxide, alumimium nitride, lithium niobate, a niobic 
acid potassium, lithium tantalate, barium titanate, or the titanic-acid bismuths as a major component in any 1 of the 
above 1st - the 3rd invention. 
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[0014] Furthermore, invention of the 5th of this application is characterized by applying and heat-treating the solution of 
th§ component used as the 2nd piezo electric crystal or a dielectric on the front face of this 1 st piezo electric crystal, 
after forming the 1st piezo electric crystal of the above in any 1 of the above 1st - the 4th invention in the manufacture 
approach of the piezo electric crystal thin film a publication. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, referring to an 
accompanying drawing. 

(a) of gestalt 1. drawing 1 of operation and (b) are the longitudinal-section explanatory views which met the top view of 
the piezo electric crystal thin film concerning the gestalt 1 of operation of this invention, and the A-A line of (a) of 
drawing 1 , respectively. Fundamentally, this piezo electric crystal thin film 10 consists of the 1st piezo electric crystal, 
2nd piezo electric crystal or dielectric, and electrode, and is characterized by coming to form the middle smoothing 
layer which consists of the 2nd piezo electric crystal or dielectric between this 1st piezo electric crystal and an electrode. 
On the occasion of manufacture of this piezo electric crystal thin film 10, the insulator layer 2 which consists of a 
silicon nitride film of about 200nm of thickness is first formed on the substrate 1 which consists of <100> silicon single 
crystals. This insulator layer 2 is fabricated by the plasma-CVD (Chemical vapour deposition) method made into the 
membrane formation temperature of 300 degrees C, using a silane and ammonia gas as reactant gas. On an insulator 
layer 2, the thin film for lower electrode 9 which has the two-layer structure of the titanium film 3 of about 30nm of 
thickness which RF spatter made into the membrane formation temperature of 600 degrees C comes to vapor-deposit, 
and the platinum film 4 of about 70nm of thickness is formed. 

[0016] Next, the piezo-electric poly crystal thin film which consists of lead titanate by the spatter which set to lPa 
(pascal) the membrane formation pressure in the mixed gas which consists of argon gas 90% and 10% of oxygen gas, 
and made it the substrate temperature of 600 degrees C using the target which consists of a lead titanate sintered 
compact made superfluous [ lead of 20% of lead atoms ] on the thin film for lower electrode 9 (it corresponds to the "1st 
piezo electric crystal 11 in a claim.) Hereafter, 5 called a piezo-electric thin film is formed. With the gestalt 1 of this 
operation, after forming this piezo-electric thin film 5, coating of the sol Ringer's injection whose ratio of the element 
content of lead (Pb) and titanium (Ti) is Pb/Ti=1.2 is carried out on the piezo-electric thin film 5 by substrate engine- 
speed 5000rpm (revolution per minute). Sudden heating of the substrate by which coating was carried out by the sol 
Ringer's injection is carried out by putting on a 400-degree C hot plate, and preliminary baking is performed by holding 
for 30 minutes. Furthermore, the piezo electric crystal which this baking is performed, consequently consists of lead 
titanate by holding this substrate 1 for 30 minutes at 650 degrees C in atmospheric air (it corresponds to the "2nd piezo 
electric crystal" in a claim.) Hereafter, 19 called a lead titanate piezo electric crystal is obtained. Thus, after performing 
appropriate processing for heat treatment, a thin film front face will be graduated by applying the raw material liquid of 
the shape of a solution which can form the 2nd piezo electric crystal. In addition, other approaches, such as the approach 
of carrying out spraying coating, can be used for the shape of the approach immersed as the technique of spreading 
according to the situation of a sample into [ other than the above-mentioned approach of carrying out spin coating ] the 
above-mentioned raw material solution, or a spray. 

[0017] Furthermore, on the lead titanate piezo electric crystal 19, the titanium film 6 and the platinum film 7 are vapor- 
deposited like RF spatter mentioned above, and the up electrode 8 is formed using the lift-off method. Then, a pattern is 
formed when the piezo-electric polycrystal thin film 5 and the lead titanate piezo electric crystal 19 are etched by the 
resist mask with the mixed-acid solution of a hydrochloric acid and a nitric acid. Furthermore, etching removal of the 
garbage of the thin film for lower electrode 9 is carried out by the ion milling method, and the lower electrode 9 is 
formed. Moreover, it can come, simultaneously the connection of the lower electrode 9 and the pad 1 1 for lower 
electrodes is also formed in the pad 1 1 for lower electrodes and the pad 17 for up electrodes, and a list in fields other 
than piezo-electric polycrystal thin film [ on a substrate 1 ] 5, and lead titanate piezo electric crystal 19. 
[0018] Then, after resist formation is carried out, titanium / golden bridge formation base 12 is formed in the top face of 
the up electrode 8, and the top face of the pad 17 for up electrodes of vacuum evaporationo. Furthermore, bridge 
formation 13 is formed between the up electrode 8 and the pad 17 for up electrodes of removal of a resist after gold 
plate, and formation of a superstructure is completed. Thus, the substrate with which the superstructure was completed 
is ground after being fixed to a glass plate with a wax by the top-face side, and the thickness is made into about 200 
microns. And as a mask at the time of removing a substrate 1, the titanium film 14 is formed in the inferior-surface-of- 
tongue side of a substrate 1 of a spatter, and opening 14a for substrate etching on this titanium film 14 is formed. Then, 
of 70 degrees C and the anisotropic etching by the 5wt% potassium hydroxide, a substrate 1 is dissolved from opening 
14a, and the substrate removal section 15 is formed. Manufacture of the piezo electric crystal thin film 10 into which the 
piezo electric crystal formed in the shape of a thin film is built above is completed. 
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[0019] Thus, in the piezo electric crystal thin film 10, the piezo electric crystal 19 used as a middle smoothing layer is 
formed between the piezo-electric thin film 5 and the up electrode 8 formed in the bottom, and smoothing of surface 
irregularity is attained. When the surface roughness of the manufactured piezo electric crystal thin film 10 was 
measured with the atomic force microscope, the average of roughness height is 160A, and it turned out that surface 
roughness is improved greatly as compared with the conventional example explained with reference to drawing 5 . 
Moreover, when the fracture surface was observed by the high resolution SEM (scanning electron microscope), 
existence of the lead titanate piezo electric crystal 19 was checked, and the organization of the fracture surface was what 
shows a crystalline substance. Furthermore, the thickness of the lead titanate piezo electric crystal 19 was about 220 A. 
In addition, the sample which performed even formation of the lead titanate piezo electric crystal 19 by this 
configuration and this technique was produced in this case, and the X-ray diffraction pattern was measured. This is 
because area is small and measurement of an X diffraction cannot be performed in the state of a component. From this 
X diffraction measurement, when the peak resulting from the substrate 1 which consists of a lower electrode 9 and 
silicon was removed, only the diffraction peak equivalent to the lead titanate which has perovskite type structure was 
observed, lead titanate was fabricated also in the upper layer (lead titanate piezo electric crystal 19) with the lower layer 
(piezo-electric polycrystal thin film 5), and it was guessed that it is a piezo electric crystal. And the Q value of the 
component which the surface roughness of the piezo electric crystal thin film 10 is 0.8% of elastic wave wavelength 
(<1/100), and is the inverse number of loss was 90. Although extent of effective surface roughness is not easy for extent 
of the effect to it being dependent also on the Q value (l-/loss) of the piezo-electric quality of the material, and giving a 
definition uniquely, if it becomes extent 0.5% or less suitably, it is desirably known [ which the effect becomes small ] 
about the wavelength of the elastic wave with which the granularity of an outline and an elastic wave reflector spreads 
the inside of a piezo electric crystal 1% or less (<=1/100). 

[0020] When those membraneous qualities differ, it may become impossible by the way, for the continuity as 
propagation conditions in the interface of both piezo electric crystals to worsen, and for dispersion to fully control about 
the 2nd piezo electric crystal which constitutes the layer of the 1st piezo electric crystal which constitutes a lower layer, 
and a top. Moreover, when electric membraneous qualities differ greatly by the 2nd piezo electric crystal side, 
impression electric field may concentrate on the 2nd piezo electric crystal, and the fault of fully not being impressed by 
the 1st piezo electric crystal may arise. The lead titanate piezo electric crystal 19 which is the 2nd piezo electric crystal 
makes the same the piezo-electric thin film 5 which is the 1st piezo electric crystal, and its main constituent, i.e., it 
consists of the same membraneous quality, consequently a good continuity can be secured in the interface of both piezo 
electric crystals, and it becomes possible [ fully controlling dispersion in that interface ] so that it may see with the 
gestalt 1 of this operation, considering this viewpoint. In addition, "membraneous quality" puts a mainly mechanical and 
electric property here. 

[0021] Moreover, in the 2nd piezo electric crystal, although it is the most desirable like an electrical property of a 
component if it can give piezoelectric [ equivalent to the 1st piezo electric crystal ], you may be a property according to 
it. Moreover, even if it is not the same quality of the material at all, it becomes possible about configuration main 
elements to obtain a same or similar configuration, then comparatively similar membraneous quality. Furthermore, 
comparatively similar membraneous quality can be obtained also by using the structure which was similar about the 
crystal structure. 

[0022] In addition, with the gestalt 1 of this operation, although lead titanate was used, as long as it has piezoelectric as 
the quality of the material of the 2nd piezo electric crystal, without being limited to this, what kind of the quality of the 
material may be used. In case it uses industrially, the piezoelectric quality of the material containing piezoelectric 
outstanding lead is useful, and lead titanate and its related compound, titanic-acid lead zirconate, and its related 
compound are especially useful. In addition, alkali metal, niobic acid, or tantalic acid compounds, such as compounds 
which have the stratified perovskite structure which is the related compound, such as a titanic-acid bismuth and a 
tantalic acid strontium bismuth, lithium niobate promising as a high frequency application, a tantalic acid potassium, 
and a niobic acid potassium, are useful as the quality of the material of the 2nd piezo electric crystal. Furthermore, the 
alumimium nitride and the zinc oxide which are the comparatively easy piezo electric crystal of thin-film-izing are also 
useful. Moreover, although there are a spatter by various means, a CVD method, vacuum deposition, the depositing 
method, etc. as the technique of forming the configuration included in the piezo electric crystal thin film 10, in a thin 
film which grows in the state of polycrystal, the surface type voice of a thin film tends to become irregular, and is 
effective also to the film of which technique. 

[0023] Next, the gestalt of another operation of this invention is explained. In addition, in the following explanation, 
about the same thing as the case in the gestalt 1 of the above-mentioned implementation, the same sign is attached and 
explanation beyond it is omitted. 
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(a) of gestalt 2. drawing2 of operation is the top view of the piezo electric crystal thin film concerning the gestalt 2 of 
operation of this invention, (b) of drawing 2 is the longitudinal-section explanatory view which met the B-B line of (a) 
of drawin g 2 . This piezo electric crystal thin film 20 is manufactured like the case in the gestalt 1 of the above- 
mentioned implementation, with the gestalt 2 of this operation, after it forms the lead titanate piezo-electricity thin film 
5 which is the 1st piezo electric crystal, the hydrolysis liquid of ethyl silicate is applied on this piezo-electric thin film 5, 
and coating of it is carried out by substrate engine-speed SOOOrpm. Then, the substrate 1 by which coating was carried 
out is put on a 100-degree C hot plate, and is dried, and baking is performed by holding this substrate 1 for 30 minutes 
at 650 degrees C in atmospheric air. Thereby, the dielectric 26 which consists of silicon oxide is obtained. 
[0024] Thus, in the piezo electric crystal thin film 20, the dielectric 26 used as a middle smoothing layer is formed 
between the piezo-electric thin film 5 and the up electrode 8 formed in the bottom, and smoothing of surface irregularity 
is attained. When the surface roughness of the manufactured piezo-electric thin film 20 was measured like the case in 
the gestalt 1 of operation, the average of roughness height is 200 A, and it turned out that surface roughness is improved 
compared with the conventional example explained with reference to drawing 5 . When the fracture surface was 
observed by the high resolution SEM, the 2nd dielectric layer thickness was about 180A. The Q value of the component 
which the surface roughness at this time is 1 .0% of wavelength, and is the inverse number of loss was 70. 
[0025] (a) of gestalt 3. drawing 3 of operation and (b) are the longitudinal-section explanatory views which met the top 
view of the piezo electric crystal thin film concerning the gestalt 3 of operation of this invention, and the C-C line of (a) 
of drawing 3. . This piezo electric crystal thin film 30 is fundamentally manufactured like the gestalt 1 of the above- 
mentioned implementation, and with the gestalt 3 of this operation, after forming the lead titanate piezo-electricity thin 
film 5 which is the 1st piezo electric crystal, coating of the sol Ringer's injection which contains zinc on this piezo- 
electric thin film 5 is carried out by substrate engine-speed SOOOrpm (revolution per minute). Then, baking is performed 
by carrying out sudden heating of the substrate by which coating was carried out by the sol Ringer's injection, and 
holding it for 30 minutes at 400 degrees C in atmospheric air by putting on a 100-degree C hot plate. Consequently, the 
piezo electric crystal 36 which consists of a zinc oxide is obtained. 

[0026] Thus, in the piezo electric crystal thin film 30, the zinc-oxide piezo electric crystal 36 used as a middle 
smoothing layer is formed between the piezo-electric thin film 5 and the up electrode 8 formed in the bottom, and 
smoothing of surface irregularity is attained. When the surface roughness of the manufactured piezo electric crystal thin 
film 30 was measured like the case in the gestalt 1 of operation, the average of roughness height is 190A, and it turned 
out that surface roughness is improved compared with the conventional example explained with reference to drawing 5 . 
When the fracture surface was observed by the high resolution SEM, the thickness of the 2nd piezo electric crystal was 
about 200A. The Q value of the component which the surface roughness at this time is 0.95% of wavelength (<1/100), 
and is the inverse number of loss was 75. 

[0027] (a) of gestalt 4. drawing 4 of operation and (b) are the longitudinal-section explanatory views in alignment with 
the top view of the piezo electric crystal thin film concerning the gestalt 4 of operation of this invention, and D-D line of 
(a) of drawing 4 . This piezo electric crystal thin film 40 is manufactured like the case in the gestalt 1 of the above- 
mentioned implementation to formation of that lower electrode 9, and the zinc-oxide thin film 42 is formed by the RF 
magnetron sputtering method as the 1st piezo electric crystal with the gestalt 4 of this operation under the substrate 
temperature of 400 degrees C, and conditions of 100% of oxygen. Then, coating is carried out on the zinc oxide thin 
film 42 in substrate engine-speed SOOOrpm, the sol Ringer f s injection containing zinc puts the substrate 1 by which 
coating was carried out on a 100-degree C hot plate, and dries it, and baking is further performed by holding this 
substrate 1 for 30 minutes at 400 degrees C in atmospheric air. Thereby, the 2nd piezo electric crystal 44 which consists 
of a zinc oxide is obtained. 

[0028] Thus, in the piezo electric crystal thin film 40, the zinc-oxide piezo electric crystal 44 used as a middle 
smoothing layer is formed between the zinc-oxide thin film 42 which is the 1st piezo electric crystal, and the up 
electrode 8 formed in the bottom, and smoothing of surface irregularity is attained. The surface roughness of the 
manufactured piezo electric crystal thin film 40 is 160A, and it turned out that surface roughness is improved compared 
with the conventional example explained with reference to drawing 5 . Although crystallinity became the outstanding 
thing when the zinc-oxide thin film 42 is widely examined as a thin film piezo electric crystal and substrate temperature 
was made high at about 400 degrees C, growth of a crystal grain child progressed and there was a fault in which surface 
roughness increases. However, surface roughness can be reduced by forming the zinc-oxide piezo electric crystal 44 
which is the 2nd piezo electric crystal on the zinc-oxide thin film 42 like the case in the gestalt 4 of this operation. When 
the fracture surface of this component was observed by the high resolution SEM, the fracture surface organization of the 
2nd piezo electric crystal shows a crystalline substance, and the thickness of the 2nd piezo electric crystal was about 
200A. The Q value of the component which the surface roughness at this time is 0.91% of wavelength (<1/100), and is 
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the inverse number of loss was 130. 

[0029] In addition, in the range which this invention is not limited to the gestalt of the illustrated operation, and does not 
deviate from the summary of this invention, it cannot be overemphasized that various amelioration and modification on 
a design are possible. 
[0030] 

[Effect of the Invention] In the piezo electric crystal thin film which consists of the 1st piezo electric crystal, 2nd piezo 
electric crystal or dielectric, and electrode at least according to invention of claim 1 of this application so that clearly 
from the above explanation Since it comes to form the middle smoothing layer which consists of the 2nd piezo electric 
crystal or dielectric between the 1st piezo electric crystal of the above, and die electrode formed in the bottom, 
dispersion of an elastic wave can be controlled and, thereby, electric loss and property degradation can be controlled. 
[0031] Moreover, according to invention of claim 2 of this application, in order that die 2nd piezo electric crystal of the 
above may make the main constituent the same as that of the 1st piezo electric crystal of the above, a good continuity 
can be secured in the interface of both piezo electric crystals, and it becomes possible to fully control dispersion in the 
interface. 

[0032] Furthermore, since the average of roughness height of the front face of the 2nd piezo electric crystal of the above 
or a dielectric is 1/100 or less [ of the elastic wave wavelength which resonates in a dielectric in the 1st piezo electric 
crystal of the above, and the 2nd piezo electric crystal list ] according to invention of claim 3 of this application, electric 
loss and property degradation can fully be controlled. 

[0033] Furthermore, according to invention of claim 4 of this application, since the 1st and 2nd piezo electric crystals of 
the above contain lead titanate, titanic-acid lead zirconate, a zinc oxide, alumimium nitride, lithium niobate, a niobic 
acid potassium, lithium tantalate, barium titanate, or the titanic-acid bismuths as a major component, it can have 
piezoelectric [ good as a piezoelectric device ]. 

[0034] Furthermore, after forming the 1st piezo electric crystal of the above in any 1 of the invention of claim 1-4 in the 
manufacture approach of the piezo electric crystal thin film a publication according to invention of claim 5 of this 
application Since the solution of the component used as the 2nd piezo electric crystal or a dielectric is applied and heat- 
treated on the front face of this 1st piezo electric crystal, a thin film front face can be graduated, dispersion of an elastic 
wave can be controlled, and, thereby, electric loss and property degradation can be controlled. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 5] 
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[Drawing 3] 
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